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1974.-The small-vessel blood content of the ventricular walls in anesthetized dogs was determined with 5gFe-siderophilin-labeled plasma. In the control state, the right ventricle (RV) contained 7.62 ml blood/l00 g tissue, the septum 8.17, and the left ventricle (LV) 9.69. The deep regions of LV contained more blood than the superficial regions; the apexes of all regions had a higher blood content than the bases. Seven to nine minutes after the intravenous administration of 20 pg/kg of nitroglycerin, the small-vessel blood content of the heart was slightly, but not significantly reduced. The transmural gradient of the LV was not altered significantly. Twenty minutes after chromonar, 7.5 mg/kg, the small-vessel blood content was not significantly altered, and the gradient between the superficial and deep layers was unchanged. Asphyxia significantly increased the small-vessel blood content of all regions of the myocardium, indicating a reserve of unopened capillaries. It is assumed that the gradients in blood content are representative of gradients in opencapillary density within the ventricular walls. asphyxia; capillary density; gradients of myocardial blood volume THE VOLUME OF BLOOD contained in small vessels within the walls of the myocardium can serve as an indication of the number of open capillaries in various myocardial regions. A certain amount of information has emerged. The apex of the heart has a greater blood volume than the base, and the deep regions of the ventricular walls contain a greater blood volume than the more superficial layers (5, 18, 2 1, 22, 29). However, differences had been reported in the blood content or open-capillary density of the right ventricular wall, septum, and left ventricular wall. Part of the present study was to determine the regional myocardial wall blood volume using a different tracer to label the blood.
The effects of vasoconstrictors such as nicotine and vasopressin on myocardial small-vessel blood volume have been determined (5, 2 1, 22) . N o change was observed with vasopressin, and an increase in blood volume occurred with nicotine.
There has not been a systematic study, however, on the effects of vasodilators on the distribution of blood within the ventricular wall. A vasodilator which reduces arteriolar resistance and increases coronary blood flow would have an uncertain action on small-vessel blood content, since the arterioles contain only a small proportion of the small-vessel blood volume. Chromonar produces a marked and prolonged increase in coronary blood flow (4, 14, 19) . However, the effect on capillary blood volume is unknown. Another objective of the present study was to observe the effect of chromonar on the regional blood volume of the myocardial wall. Nitroglycerin, a poor coronary dilator, has been shown to redistribute blood flow from the superficial to the deeper region of the left ventricle (1, 30, 32) . The present study was, in part, conducted to determine if there were also regional changes in blood volume.
METHODS
Experimental studies were performed on 18 adult mongrel dogs ranging in weight from 15.5 to 27 kg. After induction of anesthesia with 32 mg/kg of pentobarbital sodium intravenously, a catheter was placed in the left common carotid artery and advanced into the ascending aorta. Blood pressure was recorded with a Statham P23Gb pressure transducer connected to a Beckman Dynograph.
Aortic blood samples also were obtained from this catheter. A catheter was placed in the femoral vein for injection of various test substances as well as for withdrawal of venous blood samples. The dogs were artificially respired with room air and the chest was opened at the fifth interspace.
The pericardium was incised to expose the heart. Hematocrit and grams of hemoglobin content were obtained on all dogs. In order to determine the small-vessel blood content, 59FeCla (New England Nuclear Corp.) was used to label the plasma siderophilin.
A dose of 100-200 &i was given in 1 ml of saline into the femoral venous catheter. The dogs were sacrificed 4-6 min after the injection of 59FeC13. This tracer has been found to remain in the plasma longer than radioiodinated serum albumin (33). In two dogs, the distribution of the radioiron in the plasma was studied from 1 to 10 min. Only at 1 min was the distribution of the iron in the arterial and venous blood different from unity. There was no decrease in the radioactivity of the blood from 2 to 10 min, indicating no leakage of iron in this interval. In order to determine radioactivity in counts per minute of the samples, a Nuclear-Chicago well-type scintillation detector and counter were used. Samples were counted for 10 min, with a standard error of less than 2 %. The detector was adjusted to count all activity above 0.95 Mev so as to include the 1.097. and 1.289-Mev peaks of the 59Fe. The radioactivity of the sample in counts per minute per milligram less background was divided by the average radioactivity of the arterial and venous blood in counts per minute per milliliter less background to determine the blood volume of the tissue sample. Since it had been shown that no plasma skimming occurred in the ventricular walls (12, 18), it was possible to directly relate the total tissue plasma volume to the total tissue blood volume.
Fifteen dogs were divided into three groups of five each. The first group served as the control. The second received 20 pg/kg of nitroglycerin by the intravenous route over a l-min period.
The third group received 7.5 mg/kg of chromonar injected over a 1-min period.
To avoid bias, animals from the various groups were studied in random order. An additional group of three dogs were asphyxiated, by shutting off the respiratory pump, to determine the maximal small-vessel blood volume.
After the injection of test substances, the hearts were fibrillated with alternating current at 7-9 min after nitroglycerin and 20-21 min after chromonar.
This was at the time of peak Paz rise in the subendocardium for nitroglycerin (31) and peak coronary flow increase with chromonar (4, 14, 19, 31), respectively.
The 59FeC1, was given 4-6 min prior to sacrifice. In the asphyxiated dogs the SgFe was given immediately after respiration was stopped, and the animals were sacrificed 5 min later. All hearts were excised at the level of the atrioventricular ring from 5 to 15 s after fibrillation. The right ventricle, septum, and left ventricle were exposed by the technique of Lumb and Hardy (15). Plugs were taken from the ventricular walls with a no. 8 cork borer. Figure 1 shows the positions from which these plugs were taken. In the left-vedtricle, the plugs were divided into three equal sections, and in the right ventricle they were divided into twd kqual sections. The tissue samples were firmly pressed and blotted to remove blood from the larger vessels. Large visible vessels were excised with a scalpel. According to Rakusan et al. (20) , this technique should leave only those blood vessels below 100 pm filled with blood. 
RESULTS
The factorial analysis of the data' indicates that there are significant differences in area for each major region and in depth for left ventricle and septum, but the drugs did not produce a significant effect on the blood content2. Figure 2 shows the gradient between the regions' right ventricle < septum < left ventricle; Fig. 3 shows the gradient between the areas' base < center < apex in the ventricular free walls and septum; Fig. 4 Figs. 3 and 4 . There was a gradient from base to apex in the three major regions of the heart, and in the left ventricle the deeper region had a greater blood content than the more superficial region. The combined values for the control, nitroglycerin, and chromonar groups best express the base-to-apex gradient (Fig. 3) These values were all within the normal range.
Efect of nitroglycerin on blood volume. The injection of 20 pg/kg of nitroglycerin produced a fall in blood pressure initially which returned almost to control levels by the time of sacrifice, 7-9 min after administration.
The mean blood pressure was, however, still significantly (P < 0.05) lower by 4 mmHg at this time.
Although the mean blood contents of the right ventricular, septal, and left ventricular walls were somewhat lower (7.03 %, 7.54 %, and 8.18 %, respectively), the values were not significantly different from their respective control values, and the gradients between regions, areas, and depths were preserved (Figs. Z-4) . The ratio of the superficial : deep gradient through the left ventricular wall remained at 0.9 1. E$ect of chromonar on blood volume. Chromonar was given in a dose of 7.5 mg/kg, and the animals were sacrificed 20-Z 1 min following injection.
There was a slight initial drop in blood pressure which returned to control by 5 min. The mean small-vessel blood volumes of the right ventricle, septum, and left ventricle averaged 7.42 %, 8.50 %, and 8.69 %, respectively, after chromonar and were not significantly different from control. The regional gradient was preserved (Fig. Z) , but only the right ventricle and septum exhibited a base-to-apex gradient after chromonar (Fig. 3) . Th e 1 d'ff erence between the base and apex in the left ventricle was no longer significant. The gradient in blood volume between the subepicardial and subendocardial regions of the left ventricle persisted, and the ratio between the two was 0.91 superficial : deep for control and 0.90 superficial : deep after chromonar. E$ects of asphyxia on blood volume. Asphyxia markedly elevated blood pressure. The hearts were fibrillated 5 min after the start of asphyxia, when the blood pressure was still elevated.
Myocardial small-vessel blood content was considerably elevated above the control values in all regions. The right ventricle, septum, and the left ventricle averaged 10.03, 11.00, and 13.33 ml blood/100 g tissue, respectively (Fig. 2) 
